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A Catalyst Component for Ethylene Polymerization, 
a Process for Preparing thereof and 
Catalyst Comprismg the Same 

Cross Reference of Related Application 

The present application claims priority CN 02131464.0, filed on October 16, 
2003, which is incorporated herein by reference in its entirety and for all 
piuposes. 

Tbchnical field 

The present invention relates to a catalyst component for olefin 
polymerization, in particular, ethylene polymerization, to a process for preparing 
thereof, to a catalyst conprising the same, and to a process for ethylene 
polymerization. 

Background art 

Since the successfiil development of high activity polyethylene catalyst at 
1970s, the whole polyethylene industry in the world has changed greatly. In 
recent three decades, with the development of ethylene polymerization processes!^ 
catalysts assorting to the polymerization processes have gotten significant 
progress, and high activity catalysts have been playing an important role in the 
field of polyethylene catalyst because of their excellent polymerization 
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perfonnance and mature application technology. Through many years of 
research, the preparation process of Mg-Ti-based high activity catalysts has 
developed to chemical reaction process from co-grinding process and 
suspension-impregnation process. Among the chemical reaction processes, many 
patents, for example, EP 688794(CN1158136) and US 3787384; 4148754; 
4173547; 4301029; 4508843; 4921920 and 5124296, direct to catalysts obtained 
by supporting the reaction product, as active component, of a dihydrocarbyl 
magnesium, a chlorinating agent and a transition metal halide etc. onto a spheric 
inorganic oxide support. The recent development on this type of Mg-H-based 
catalyst is introduction of electron donor compound (for example aliphatic 
alcohol compounds) during the preparation of the catalyst composition. 
Experiments show that the introduction of the electron donor compound 
improves polymerization activity and hydrogen response of the catalyst. 

For example, EP688794 discloses use of a long chain aliphatic alcohol 
compound having a -branch chain during the preparation of the catalyst 
composition, and polymerization activity and hydrogen response of the catalyst 
are improved by introducing said compound. In particular, said catalyst retains 
high polymerization activity under different hydrogen partial pressures for 
preparing ethylene homopolymer and copolymer having low and high molecular 
weight, namely, the balance of the activity of the catalyst is good. However, the 
inventors have now found that such catalyst solid component powders carry a 
great amount of static charges, so that an anti-static agent must be added in the 
polymerization process, thus operation is discommodious and cost increases. 
While without limited to any specific theory, the inventors beUeve after repeated 
experiments that the addition of alkyl metal chloride confound in the 
preparation of the catalyst is a main reason resulting in that the catalyst solid 
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component powders carry a great amount of static charges. 

After repeated experiments, the inventors have now found that a catalyst 
solid component prepared by using an alkyl metal confound in combination 
with a difunctional compound having a specific structure and a halide rather than 
alkyl metal chloride compound solves the problem that catalyst solid component 
powders carry too great amount of static charges, and the catalyst powders 
exhibit excellent flowability, good hydrogen response and co-polymerization 
performance, and high polymerization activity. 

Summary of the invention 

One of the object of the invention is to provide a catalyst component for 
ethylene polymerization, comprising an inorganic oxide support, and at least one 
alkyl metal compound, at least one halide, at least one dihydrocarbyl magnesium 
compound, at least one difuntional compound that reacts with the dihydrocarbyl 
magnesium compound and at least one titanium compound, which are supported 
on the support, >yherein 

(1) the alkyl metal con^und is represented by formula (I): 

MeR^R^R^ (D 
wherein R\ and R^, which may be identical or different, are C1-C20 alkyl, 
Me is an element of niA group of the Periodic Table; 

(2) the halide is a con:q)Ound represented by formula (11) MXn, in which M 
is an element of )DD[A,IVA,VA,IIIB,IVB or Vb groups of the Periodic Table, X is 
F, CI or Br, and n=:3, 4 or 5, or a C1-C20 alkyl halide; and 

(3) the difunctional compound is a mono-, di- or multi-halogenated alcohol 
or phenol having from 2 to 20 carbon atoms; or a mono-, di- or 
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multi-halogenated acid halide having from 2 to 20 carbon atoms. 



Another object of the invention is to provide a process for the preparation 
of the catalyst component for ethylene polymerization according to the present 
invention, comprising the steps of: 

(1) contacting an inorganic oxide support with an alkyl metal compound 
having formula: 

MeR^R^R^ (I) 
in which R\ R^ and R^, which may be identical or different, are C1-C20 
alkyl, Me is an element of IHA group of the Periodic Table, to obtain a treated 
inorganic oxide support; 

(2) contacting the treated inorganic oxide support obtained from the step (1) 
with a dihydrocarbyl magnesium compound; 

(3) contacting the product obtained from the step (2) with a difunctional 
compound, which is a mono-, di- or multi-halogenated alcohol or phenol having 
from 2 to 20 carbon atoms, or a mono-, di- or multi-halogenated acid halide 
having from 2 to 20 carbon atoms; 

(4) contacting the product obtained from the step (3) with a halide, which is 
a compound represented by formula (II) MXn, in which M is an element of HIA, 
IVA, VA, IIIB, IVB or VB groups of the Periodic Table, X is F, CI or Br, and 
n=3, 4 or 5, or a C1-C20 alkyl halide; and 

(5) contacting the product obtained from the step (4) with a titanium 
compound to obtain a catalyst component. 

Yet another object of the invention is to provide a catalyst for ethyl^ie 
polymerization, comprising: 

(a)the catalyst component for ethylene polymerization according to the 
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present invention; and 

(b)at least one organoaluminium compound of formula AlRnXs-n, wherein R 
are independently each other hydrogen or hydrocarbyl having from 1 to 20 
carbon atoms, X are independently each other halogen, and n is a value meeting 
the condition of 1 < n <3. 

Yet still another object of the invention is to provide a process for ethylene 
polymerization, comprising the step of contacting ethylene and optional 
comonomer(s) with the catalyst for ethylene polymerization according to the 
present invention imder polymerization conditions. 

Detailed description of the invention 

In the first aspect, the invention provides a catalyst component for ethylene 
polymerization, comprising an inorganic oxide support, and at least one alkyl 
metal compound, at least one halide, at least one dihydrocarbyl magnesium 
compound, at least one difuntional conq)Ound that reacts with the dihydrocarbyl 
magnesium con:q)ound and at least one titanium compound, which are supported 
on the support, the catalyst component for ethylene polymerization according to 
the present invention is sometimes called as catalyst solid conqwnent hereafter. 

The alkyl metal compound is represented by the following formula (I): 

MeR^R^ a) 
in which K\ R^ and R^, which may be identical or different, are C1-C20 
alkyl, and Me is an element of IIIA group of the Periodic Table, preferably 
aluminium. Examples of suitable alkyl metal confounds useful in the present 
invention include, but not limited to, triethyl aluminium, tripropyl aluminium, 
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tri-iso-butyl aluminium, and tri-n-hexyl aluminium. Among them, the preferred 
is alkyl aluminium compound having long carbon chain, such as, tri-n-hexyl 
aluminium and the like. 

The term "alkyl" as used herein includes linear, branched and cyclic alkyl. 
Unless clearly otherwise indicated, the term "hydrocarbyl" as used herein 
includes aliphatic, alicyUc and aromatic hydrocarbyl, and the aliphatic 
hydrocarbyl includes linear and branched aliphatic hydrocarbyl. 

The halide useful in the present invention is a compound represented by 
formula (n) MX„, in which M is an element of IIIA, IVA, VA, lUB. IVB or VB 
groups of the Periodic Table, X is F, CI or Br, and n=3, 4 or 5, or a CrCjo alkyl 
halide. Examples include, but not limited to, AICI3, BCI3, SiCl4, TiCU, NdCb, 
CCI4, CH3CH2CH2CH2CI, and (CH3)3CC1. 

The difunctional compound is a mono-, di- or multi-halogenated alcohol or 
phenol having from 2 to 20 carbon atoms, or a mono-, di- or multi-halogenated 
acid halide having from 2 to 20 carbon atoms. Examples include, but not limited 
to, CI3CCH2OH, CI2CHCH2OH, CICH2CH2OH, Cl3CC(CH3)20H, 
CICH2CH2CH2CH2OH, 2-chloro-cyclohexanol, o-chlorophenol, m-chlorophenol, 
p-chloiophenol, CI3CCOCI, CI2CHCOCI. CICH2COCI and o-chlorobenzoyl 
chloride. 

The dihydrocarbyl magnesium compound is represented by formula ( IV ) : 

MgR*R^ aV) 
in which and R^, which may be identical or different, are C2-C20 
hydrocarbyl. The dihydrocarbyl magnesium compound useful in the present 

6 



invention is preferably dibutyl magnfesium, butyl ethyl magnesium or butyl octyl 
magnesium and the like. 

The titanium confound is represented by formula ( V ) : 
Ti(0R«)4-mX„» (V) 

in which is a Ci-Ci4 linear or branched aliphatic hydrocarbyl, X is 
selected from the group consisting of F, CI, Br, and mixture thereof, and m is an 
integer of from 1 to 4. Examples of suitable titanium compound useful in the 
present invention include* but not limited to, titanium tetrachloride, titanium 
tetrabromide, titanium tetraiodide. tetrabutyl titanate, tetraethyl . titanate, 
triethoxy titanium chloride, diethoxy titanium dicloride, ethoxy titanium 
trichloride, titanium trichloride, and mixture thereof. The preferred is titanium 
tetrachloride. The titaniimi compound is preferably miscible in an apolar solvent 
at the application temperature. 

The inorganic oxide support useful in the present invention is well known 
in the art and mainly used to support active component. In principle, any 
inorganic oxide support that does not interfere desired chemical conversion 
reaction is suitable. Examples of such inorganic oxide supports include, but not 
limited to, silica, alumina, silica-alumina, magnesia, titania, chromia, zirconia, 
and the like, among them, silica is preferred. In general, the inorganic oxide 
supports should be used in spheric or ellipsoidal form in dry state. Typically, the 
particles of the support have an average particle size of from about 1 micron to 
about 250 microns, preferably from about 10 microns to about 100 microns, a 
specific surface area of from 100 to 800 m^/g, and a pore volume of from 1 to 8 
cc/g. Drying said inorganic oxide support can be performed at a temperature of 
from 100 to lOOOX:, preferably from 200 to 900 1!. more preferably from about 
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400 to 600 1). When silica is used as the inorganic oxide support, it is generally 
drying treated at a temperature of from 200 to 1000 'C, preferably from 200 to 
850 X:, more preferably from 400 to 600 'C prior to be used. The drying 
treatment can be performed for from about 0.5 to 24 hours, preferably from 
about 1 to 10 hours. 

In the second aspect, the invention provides a process for the preparation of 
the catalyst component for ethylene polymerization according to the present 
invention, comprising preferably the steps of: 

(1) contacting the inorganic oxide support with ihe alkyl metal compound 
of formula (I) to obtain a treated inorganic oxide support; 

(2) contacting the treated inorganic oxide support obtained from the step (1) 
with the dihydrocarbyl magnesium compound; 

(3) contacting the product obtained from the step (2) with the difunctional 
confound; 

(4) contacting the product obtained from the step (3) with the halide; and 

(5) contacting the product obtained from the step (4) with the titanium 
confound to obtain a catalyst component. 

In the process for the preparation of the catalyst component for ethylene 
polymerization according to the present invention, the order of the above steps 
(2), (3) and (4) can be changed.' For instance, in another embodiment of the 
present invention, the process for the preparation of the catalyst component for 
ethylene polymerization according to the present invention comprises the steps 
of: . 

(1) contacting the inorganic oxide support with the alkyl metal conq)Ound 
of formula (I) to obtain a treated inorganic oxide support; 
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(2) contacting the treated inorganic oxide support obtained from the step (1) 
with the halide; 

(3) contacting the product obtained from the step (2) with the difunctional 
compound; 

(4) contacting the pix)duct obtained from the step (3) with the dihydrocarbyl 
magnesium compound; and 

(5) contacting the product obtamed from the step (4) with the titanium 
compound to obtain a catalyst component 

In the process for the preparation of the catalyst component according to 
the present invention, amount of the alkyl metal compound used is from 0.1 to 
5.0 mmol, preferably from 0.3 to 1.5 mmol; amount of the halide used is firom 
0.1 to 5.0 mmol, preferably from 0.3 to 1.2 mmol; amount of the difrmctional 
coiiq)ound used is from 0.2 to 10 mmol, preferably from 0.5 to 3.0 mmol; 
amount of dihydrocarbyl magnesium compound used is from 0.25 to 5.0 mmol, 
preferably from 0.5 to 3.0 mmol; and amount of tiie titanium compound used is 
from 0.1 to 5.0 nunol, preferably from 0.5 to 2.0 mmol, with respect to 1 gram 
of the inorganic oxide suport; and wherein the molar ratio of the difunctional 
compound to the dihydrocarbyl magnesium compound is controlled to a range of 
0,8 to 2.5, preferably 0.9 to 2.2. 

The preparation of the catalyst component according to the present 
invention is preferably carried out in an apolar inert solvent. The amount of 
solvent used to form slurry can vary within a broad range. In general, as desired, 
the amount of the solvent is in the range of from about 5 ml/g support to about 
200 ml/g support. The preferable apolar solvent is alkane, such as, pentane, 
isopentane, hexane, heptane, octane, nonane, and decane. Prior to use, the liquid 
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medium used in the process according to the present invention is preferably 
purified by, for example, removing trace amount of water, oxygen, polar 
compounds and any other substances that may adversely effect the 
polymerization activity of the catalyst through treatment using silica or molecule 
sieve. 

It has been found that slower reaction process aids to obtain a catalyst 
component having better particle morphology. Therefore, lower reaction 
temperature is preferable. The reaction in the present process is typically carried 
out at a temperature of from about 5 to 80 *C, preferably from 20 to 60X1!. The 
reaction time can also vary within a broad range, and it is generally in the range 
of from 0.5 to 10 hours. It can be appreciated that the individual coni$)onents 
should be allowed to react each other at desired reaction temperature for enough 
long period. 

In the tod aspect, the present invention provides a catalyst for ethylene 
polymerization, comprising: 

(a) the catalyst component for ethylene polymerization according to the 
present invention; and 

(b) at least one organoaluminium compound of formula AlRnXs-n, 
wherein R are independently each other hydrogen or hydrocarbyl having from 1 
to 20 carbon atoms, X are independently each other halogen, and n is a value 
raeetmg the condition of 1 < n ^3. 

The organoaluminium compound used as co-catalyst is well known in the 
art, and is preferably AlEta, Al(iso-Bu)3, Al(n-C6Hi3)3, Min^^Unh, AlEt2a, 
and mixture thereof. The contacting manner and ratio of amounts of the 
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components (a) and (b) of the catalyst are also well known in the art. 

In the fourth aspect, the invention provides a process for ethylene 
polymerization, conq)rising (he step of contacting ethylene and optional 
comonomer(s) with the catalyst according to the present invention under 
polymerization conditions. The catalyst according to the present invention is 
suitable for any low pressure ethylene polymerization process for which 
supported Ziegler-Natta type of catalyst is applicable, such as, slurry process and 
gas phase process. These ethylene polymerization processes are well known in 
the art. Exanq)les of a -olefins, which can be co-polymerized with ethylene, 
include, but not limited to, propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 
and 4-methyl-l-pentene. 

It is worth to note that, if an alkyi metal chloride is employed in the process 
for the preparation of the catalyst, the catalyst solid component powders 
prepared carry a great amount of static chaiges. The present invention solves the 
problem that the catalyst solid component powders prepared carry a great 
amount of static chaiges by employing the alkyl metal compound and the halide 
in combination with the difunctional compound that reacts with the 
dihydrocarbyl magnesium to prepare the catalyst, and the catalyst solid 
component prepared similarly possesses excellent hydrogen response and 
copolymerization performance as well as high polymerization activity. 
Especially, the catalyst according to the present invention still has a higher 
polymerization activity when preparing a polymer having large melt flow index 
so that it is particularly suitable for the preparation of polyethylene having 
bimodel of molecular weight distribution. 
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Mode of carrying out the Invention 



The following examples further describe the invention, but do not make 
limitation to the invention in any way. 

Testing methods: 

1. Melt index: measured according to ASTM 01238-99. 

2. Method for evaluating amount of static charges carried by catalyst solid 
component powders: - 

It is well known that the larger amount of static charges carried by solid 
powders, the more powders that are attached to well of a container. Therefore, 
the amount of static charges carried by the catalyst component powders can be 
indicated through measuring the amount of powders that are attached to well of a 
container. 

In a glove box under nitrogen atmosphere, a well dried 80ml glass anq^oule 
(available from Beijing Glass Instrament Factory) was weighed. At ambient 
temperature, the ampoule was charged with 5g of catalyst component powders, 
and then fastened to an oscillator (Oscillator AS200 BASIC Model, available 
from Retsch Corp., German). The ampoule was oscillated for 5 min with the 
an^litude being set at 80. Next, the ampoule was reversed to allow the catalyst 
component powders to flow out freely, and the ampoule was weighed again. 
Amount of the powders attached to the ampoule was calculated from the two 
weights and was used as a measurement of the amount of static charges carried 
by the catalyst component powders. 

Example 1 

A catalyst solid component was prepared by the steps of: 
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(1) 12 g of spheric silica (948 Grade, available from Grace Company, 
USA) was activated at 600 "C under nitrogen atmosphere for 4 hours; 

(2) Under nitrogen atmosphere, to a high temperature dried glass reactor 
equipped with a stirrer were successively charged with 5.0g of heat activated 
silica obtained from step (1), 100 ml of purified hexane (which was dried over 3 
angstroms molecular sieve and bubbled with nitrogen gas for about 2 hours to 
remove oxygen and moisture. The hexane used in the invention below was 
treaded in the same manner) and 2.0ml of Al(n-C6Hi3)3 solution in hexane 
(1.5mmol/ml). While stirring, the reaction mixture was allowed to react at 60*0 
for 0.5 hour, then 0.6ml of silicone tetrachloride was dropwise added thereto, 
and the reaction was continued for further 0.5 hour; 

(3) While stirring and at 60 X:, 1.9 ml of CI3CCH2OH was added 
dropwise to the reactor, and after the reaction was allowed for further 1 hour, 
10.0ml of dibutyl imgnesium solution in heptane (IM) was added dropwise, 
then the reaction was allowed for further 2 hours, next 0.6ml of titanium 
tetrachloride was added dropwise, and the reaction was continued for another 1 
hour; 

(4) The reaction mixture was heated to lO'C and dried by allowing high 
purification nitrogen gas passing through the reactor to obtain free flowing light 
brown solid powders. 

The amount Of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Evaluation of the Catalyst: 

Ethylene slurry polymerization was carried out under different hydbrogen 
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gas partial pressures to prepare polyethylene having different melt index. 
Polymerization conditions: 2L stainless steel autoclave with a stirrer, IL of 
hexane as solvent, 1.03MPa of total pressure of polymerization, about 50mg of 
catalyst solid component, 1ml of triethyl aluminium solution in hexane (IM) as 
cocatalyst and scavenger, polymerization temperature: 85 °C, polymerization 
time: 1 hour, and 

Ph2/Pc2H4=0.28/0.75 when polyethylene having low melt index was 
pr^ared, 

Ph2/Pc2H4 =0.60/0.43 when polyethylene having high melt index was 
prepared, 

wherein ?m represents partial pressure of hydrogen gas, and Pc2H4 
represents partial pressure of ethylene. The results of polymerization were 
shown in Table 1, 

Exan^le2 

A catalyst solid con^onent was prepared through a procedure similar to 
that described in Example 1, except that 2.0ml of Al(n-C6Hj3)3 solution in 
hexane (1.5mmol/ml) used in stq) (2) was replaced with 3. Oral of A1(C2H5)3 
solution in hexane (1 .Ommol/ml). 

The catalyst solid component was evaluated in sluny polymerization under 
the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1 . 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Example 3 
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A catalyst solid component was prepared through a procedure similar to 
that described in Example I, except that silicone tetrachloride used in step (2) 
was replaced with titanium tetrachloride. 

The catalyst solid component was evaluated in slurry polymerization under 
the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1 . 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Example 4 

A catalyst solid component was prepared through a procedure similar to 
that described in Exan^le 1, except that 0.6ml of silicone tetrachloride used in 
step (2) was replaced with 0.3ml of silicone tetrachloride. 

The catalyst solid component was evaluated in slurry polymerization under 
tiiie same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1. 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Comparative Example 1 

A catalyst solid component was prepared by the steps of: 
(1) To a reactor were successively charged with 200ml of hexane, 2.0ml 
of toluene and lOmmol of butyl octyl magnesium solution (IM), and 2.8ml of 
2-ethyl-l-hexanol was added dropwise and slowly thereto while the reaction 
temperature was maintained below 40X1, to obtain an alcohol-magnesium 
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complex; 

(2) At 25 , to 5.0g of silica (activated at 600X^ for 4 hours) was added 
100ml of hexane, then 5,0ml of ethyl aluminium dichloride solution in hexane 
(2M) was added diopwise and slowly thereto. After the mixture was allowed to 
react at 25 "C with stirring for 0.5 hour, the mixture was heated to VOX!! and dried 
by allowing high purification nitrogen gas passing through the reactor; 

(3) At ambient temperature, to the dried powders obtamed from step (2) 
was added lOOml of hexane, and to the mixture was added the 
alcohol-magnesium complex prepared in step (1) with stirring, then the reaction 
was heated to 50'C and allowed to continue with stirring; for further 1 hour; 

(4) With stirring, to the reaction mixture obtained from step (3) was 
added dropwise and slowly 0,56ml of titanium tetrachloride, then the reaction 
was continued at 50'C for 1 hour, next the reaction mixture was heated to 70 X} 
and dried by allowing high purification nitrogen gas passing through the reactor 
to obtain solid powders. 

The catalyst solid component was evaluated in slurry polymerization under 
the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1. 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. ' 

Comparative Example 2 

A catalyst solid con:q)onent was prepared through a procedure similar to 
that described in Comparative Example 1, except that butyl octyl magnesium 
used in step (1) was replaced with dibutyl magnesium. 

The catalyst solid component was evaluated in slurry polymerization under 
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the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1. 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Example 5 

A catalyst solid component was prepared by the steps of: 

(1) About 500 g of spheric siUca (XP02485 Grade, available from Grace 
Company, USA) was activated at 600 X: under nitrogen atmosphere for 4 hours; 

(2) Under nitrogen atmosphere, to a high temperature dried reactor 
equipped with a stirrer were successively charged with 224g of heat activated 
silica obtained from step (1), 2500 ml of purified hexane and 78.4ml of 
A1(C2H5)3 solution in hexane (2.0mmol/ml), and the mixture was stirred at 
ambient temperature for 45 minutes; 

(3) At ambient temperature, to the reactor was added drop wise 53.0ml of 
dibutyl magnesium solution in hqptane (Inunol/ml), and after the reaction 
mixture was stirred for further 2 hours, it was placed overnight; 

(4) While stirring and at ambient temperature, 67.2 ml of CI3CCH2OH 
was added dropwise to the reactor, and then the reaction mixmre was heated to 
SS'C and stirred for further 1 hour; 

(5) At 55X:, 28ml of silicone tetrachloride was dropwise added thereto, 
upon completion, 34ml of titanium tetrachloride was dropwise added, and then 
the reaction mixture was heated to 68X:) and stirred for further 2 hour, followed 
by being cooled to ambient, temperature, next» the stirrer was stopped and 
supernatant was removed; 

(6) 2000ml of hexane was added thereto, and after stirring for 10 minutes, 
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supernatant was removed; 

(7) Step (6) was repeated for one time; 

(8) The reaction mixture was heated to 70t: and dried by allowing high 
purification nitrogen gas passing through the reactor to obtain free flowing 
brown solid powders. 

The catalyst soUd component was evaluated in sluny polymerization under 
the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1 . 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Example 6 

A catalyst solid conqjonent was obtained by the steps of: 

(1) About 12 g of spheric silica (XP02485 Grade, from Grace Company, 
USA) was activated at 600 'C under nitrogen atmosphere for 4 hours; 

(2) Under nitrogen atmosphere, to a high temperature dried glass reactor 
equipped with a stirrer were successively charged with 8.0g of heat activated 
silica obtained from step (1), 100 ml of purified hexane and 2.8nil of A\iC2li$h 
solution in hexane (2.QmmoI/ml), and the mixture was stirred at ambient 
temperature for 30 minutes; 

(3) At ambient temperature, to the reactor was added drop wise 19.0ml of 
dibutyl magnesium solution in heptane (Immol/ml), and then the reaction 
mixture was stirred for further 1 hour; 

(4) While stirring and at ambient ten^rature, 2.4 ml of ClsCXIHzOH was 
added drop wise to the reactor, and then the reaction mixture was heated to 55^0 
and stirred for further 1 hour; 
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(5) At 55X:, 2.6ml of CH3CH2CH2CH2CI was dropwise added thereto, 
and after the reaction mixture was stirred for 1 hour, 1.2inl of titanium 
tetrachloride was added dropwise, and then the reaction mixture was heated to 
68 'C and stirred for further 1 hour, followed by being cooled to ambient 
temperature, next, the stirrer was stopped and supernatant was removed; 

(6) 100ml of hexane was added thereto, and after stirring for 10 minutes, 
supernatant was removed; 

(7) Step (6) was repeated for one time; 

(8) The reaction mixture was heated to lO'C and dried by allowing high 
purification nitrogen gas passing through the reactor to obtain free flowing 
brown solid powders. ' 

The catalyst solid component was evaluated in slurry polymerization under 
the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1. 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 

Comparative Example 3 

A catalyst solid component was obtained by the steps of: 

(1) About 12 g of spheric silica (XP02485 Grade, available from Grace 
Con^any, USA) was activated at 600*0 under nitrogen atmosphere for 4 hours; 

(2) Under nitrogen atmosphere, to a high temperature dried glass reactor 
equipped with a stirrer were successively charged with 5.0g of heat activated 
silica obtained from step (1), 100 ml of purified hexane and 1.5ml of A1(C2H5)3 
solution in hexane (2.0mmol/ml), and the mixture was stirred at ambient 
temperature for 30 minutes. 

. 19 



f 



(3) At ambient temperature, to the reactor was added dropwise lO.Oral of 
dibutyl magnesium solution in heptane (Immol/ml), and then the reaction 
mixture was stirred for further 1 hour; 

(4) While stirring and at ambient temperature, 1.1 ml of CH3CH2OH was 
added dropwise to the reactor, and then the reaction mixture was heated to 55X11 

and stirred for further 1 hour; 

(5) ' At 55t3, 0.5ml of silicone tetrachloride was dropwise added thereto, 
and after the reaction mixture was stirred for 1 hour, 0.6ml of titanium 
tetrachloride was added dropwise, and then the reaction mixture was heated to 
68 1: and stirred for further 1 hour, followed by being cooled to ambient 
tenq)erature, then the stirrer was stopped and supernatant was removed; 

(6) lOOml of hexane was added thereto, and after stirring for 10 minutes, 
supernatant was removed; 

(7) Step (6) was repeated for one time; 

(8) The reaction mixture was heated to lOV and dried by allowing high 
purification nitrogen gas passing through the reactor to obtain free flowing light 
brown solid powders. 

The catalyst solid component was evaluated in slurry polymerization under 
the same polymerization conditions as that in Example 1, and the results of 
polymerization were shown in Table 1. 

The amount of static charges carried by the catalyst solid component 
powders was evaluated through above-mentioned method, and the result was 
shown in Table 1. 
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Table 1 



Catalyst 
component 


Polymerization under low 

hydiog») partial pressure 
(H2/C2=:02»0.75) 


Pdymerizatioo under high 
hydn^ partial pressure 
(lVC2=:0.«y0.43) 


Amount of static 
diarges (amount of 
powd^ attadied to 

the wall, g) 


Activity 
(^gcat) 


MI 
(g/lQaan) 


Activity 
(gPE/gcat) 


MI 
(sflOam) 




Example 1 


4447. 


3.68 


1750 


5Z5 


032 


ExaroDlel 


2879 


222 


1260 


48.8 


0.44 


Examples 


4839 


2.18 


1686 


41.1 


QA7 


Example 4 


3309 


356 


1100 


67.9 


0.16 


Examples 


3042 


1.90 


1450 


53.4 


.0.21 


Example 6 


3781 


1.05 


1947 


33.9 


0.19 


Compai-ative 
Example 1 


2233 


0.99 


1035 


42.6 


1.50 


Con^jarative 
Example 2 


3428 


235 


1432 


47.0 


1.03 


Comparative 
Examples 


4352 


0.43 


4275 


6.0 


0.19 



It can be seen from the results of Examples and Comparative Examples 
shown in Table 1 that besides that the catalysts according to the present 
invention have high polymerization activity and good hydrogen response, the 
amount of static charges carried by the catalyst solid component according to the 
invention is renaarkably reduced. Thus it can be expected that anti-static agent 
added during industrial-scale operation of ethylene polymerization can be 
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eliminated or reduced in amount. 

Although the present invention has been described in connection with 
embodiments and examples, further modifications and alternative embodiments 
of various aspects of the invention will be apparent to those skilled in the ait in 
view of this description. Accordingly, this description is to be constructed as 
illustrative only and is for the purpose of teaching the general manner of 
carrying out the invention. Additionally, all cited documents are wholly 
incorporated into this description by reference. 
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